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(54) SEMICONDUCTIVE ROLL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductive roll which has an extremely small 
variation in electric resistance in a semiconductive region, and whose electric resistance is not 
changed by molding conditions and is stable. 

SOLUTION: This semiconductive roll is obtained by forming a layer of a semiconductive cured 
product of a liquid silicone rubber composition on a metal core. The liquid silicone rubber 
composition comprises (A) a liquid organopolysiloxane having at least 2 alkenyl groups and a 
viscosity of <1 00,000 mPa.s at 25°C, (B) a liquid organohydrogenpolysiloxane having at least 
3 SiH groups and a viscosity of <1,000 mPa.s at 25°C, (C) spherical silicone elastomer 
particles having an average particle size of 0.1-100 urn, (D) a conductive material and (E) an 
addition reaction catalyst. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (A) Contain in a monad at least two alkenyl radicals combined with a silicon atom. Liquefied 
organopolysiloxane whose viscosity in 25 degrees C is 100,000 or less mPa-s : At least three hydrogen 
atoms combined with a silicon atom are contained in the 100 weight (sections B) monad, liquefied 
ORGANO hydrogen polysiloxane: whose viscosity in 25 degrees C is 1,000 or less mPa-s - spherical 
silicone elastomer particle: whose 0.1-30 weight section (C) mean particle diameter is 0.1-100 
micrometers - 5 - 200 weight (section D) conductivity ingredient: - The (amount E) addition-reaction 
catalyst which sets resistance between rodding and a hardened-material-layer front face to 1x103 to 
1x1010 ohms: The half-electric conduction roll characterized by coming to form the half-conductivity 
hardened material layer of a liquefied silicone rubber constituent in rodding at the room temperature 
containing the amount of catalysts. 

[Claim 2] The half-electric conduction roll according to claim 1 which is one sort as which a conductive 
ingredient is chosen from conductive carbon black, a conductive zinc white, and conductive titanium 
oxide, or two sorts or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the half-electric conduction roll in which the electrical 

resistivity stabilized in the half-electric conduction field (103-1 01 Oohm) is shown. 

[0002] 

[Description of the Prior Art] Conventionally, various conductive rubber which blended the conductive 
ingredient with the rubberlike substance in which electric insulation is shown is known, for example, 
blends carbon black etc. as a conductive ingredient, and the conductive rubber which made electric 
resistance the range of 10-1 - 102 ohm-cm is applied in the large field. On the other hand, although it 
excels in thermal resistance, cold resistance, and weatherability and is mostly used as electric insulation 
rubber, the silicone rubber which is one of the electric insulation rubberlike substance is adding a 
conductive ingredient like other rubberlike substance, and is put in practical use also as conductive 
rubber. Moreover, as an approach of stabilizing resistance, addition of silicone powder is known as 
indicated by JP,3-195752,A. 

[0003] In this case, it is frequently used from the electrical resistivity of silicone rubber being reduced to 
103-1010 ohm-cm extent by the class and fill of that conductive ingredient, without what mixed 
various metal powders, such as carbon black, graphite, silver, nickel, and copper, the thing which 
processed various non-conductive fine particles and a staple fiber front face with metals, such as silver, 
the carbon fiber, the metal fiber, etc. as a conductive ingredient added to conductive silicone rubber, for 
example spoiling the unique property which silicone rubber has. 

[0004] However, when conductive carbon black, such as KETCHIEN black and acetylene black, was 
blended with silicone rubber, in a half-electric conduction field called 103-1010 ohm-cm, it was 
difficult for the variation in electrical resistivity to become very large, and to stabilize electrical 
resistivity. This is considered to be because for distribution of carbon to change with process conditions 
remarkably. 

[0005] However, in recently, as rubber covered rolls, such as the electrification roll in the components, 
especially dry type copying machine of OA equipment, a transfer roller, a development roll, a paper feed 
roll, a fixing roll, a pressure roll, an electric discharge roll, a cleaning growl, and an oil spreading roll, 
the need for a half-electric conduction roll increases, there is little electrical resistivity fluctuation in a 
half-electric conduction field, and, for this reason, the half-electric conduction roll in which the stable 
electrical resistivity is shown is called for. 

[0006] This invention was made in view of the above-mentioned situation, and fluctuation of the 
electrical resistivity in a half-electric conduction field is very narrow, and it aims at offering the half- 
electric conduction roll which is stable, without electrical resistivity being influenced by the process 
condition. 
[0007] 

[The means for solving a technical problem and the gestalt of implementation of invention] The 
liquefied organopolysiloxane of the specific viscosity which has the alkenyl radical combined with a 
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silicon atom in the (A) monad as a result of repeating examination wholeheartedly, in order that this 
invention person may attain the above-mentioned purpose, (B) The liquefied ORGANO hydrogen 
polysiloxane of the specific viscosity which has in a monad the hydrogen atom combined with a silicon 
atom, (C) a spherical silicone elastomer particle, (D) conductivity ingredient, and the silicone rubber 
constituent containing (E) addition reaction catalyst When it is low and it excels in a moldability, and 
viscosity fabricates and hardens not causing the trouble at the time of shaping of deformation of rodding, 
such as an aluminum shaft, etc., and this silicone rubber constituent and forms a half-conductivity 
hardened material layer on rodding This hardened material layer is set to a half-electric conduction field 
(103-1010ohm) as electric resistance between rodding and this hardened material layer front face. The 
variation in electric resistance gives the stable electrical resistivity of double or less figures, the 
knowledge of the half-electric conduction roll of the Takayasu quality which fitted the developer 
especially for this reason being obtained is carried out, and it came to make this invention. 
[0008] Therefore, this invention contains at least two alkenyl radicals combined with a silicon atom in 
the (A) monad. Liquefied organopolysiloxane whose viscosity in 25 degrees C is 100,000 or less mPa- 
s : At least three hydrogen atoms combined with a silicon atom are contained in the 100 weight (sections 
B) monad, liquefied ORGANO hydrogen polysiloxane: whose viscosity in 25 degrees C is 1,000 or less 
mPa-s — spherical silicone elastomer particle: whose 0.1 - 30 weight section (C) mean particle diameter 
is 0.1-100 micrometers - 5 - 200 weight (section D) conductivity ingredient: - The (amount E) 
addition-reaction catalyst which sets resistance between rodding and a hardened-material-layer front 
face to 1x103 to 1x1010 ohms: Offer the half-electric conduction roll characterized by coming to form 
the half-conductivity hardened material layer of a liquefied silicone rubber constituent in rodding at the 
room temperature (25 degrees C) containing the amount of catalysts. 

[0009] Hereafter, lessons is taken from this invention and it explains in full detail further. The (A) 
component of this invention is liquefied organopolysiloxane which contains in a monad at least two 
alkenyl radicals combined with a silicon atom. As this organopolysiloxane, what is shown with the 
following average empirical formula (1) can be used. 
[0010]RlaSiO(4-a)/2»(l) 

the inside of a formula, and the carbon numbers 1-12 the same [ Rl ] or of a different kind ~ it is the 
monovalence hydrocarbon group of unsubstituted [ of 1-8 ], or a permutation preferably, a — 1.5-2.8 — it 
is the positive number of the range of 1.8-2.5 preferably. 

[001 1] As the above Rl here A methyl group, an ethyl group, a propyl group, an isopropyl group, Butyl, 
an isobutyl radical, tert-butyl, a pentyl radical, a neopentyl radical, Alkyl groups, such as a hexyl group, 
a cyclohexyl radical, an octyl radical, a nonyl radical, and a decyl group, Aryl groups, such as a phenyl 
group, a tolyl group, a xylyl group, and a naphthyl group, benzyl, Aralkyl radicals, such as a phenylethyl 
radical and a phenylpropyl radical, a vinyl group, An allyl group, a propenyl radical, an isopropenyl 
radical, a butenyl group, a hexenyl radical, A part or all of a hydrogen atom of alkenyl radicals, such as a 
cyclohexenyl group and an octenyl group, and these radicals A fluorine atom, although what was 
permuted by halogen atoms, such as a bromine atom and a chlorine atom, a cyano group, etc., for 
example, a chloro methyl group, a chloropropyl radical, a BUROMO ethyl group, a triphloropropyl 
group, a cyano ethyl group, etc. are mentioned ~ all - it is desirable that 90% or more of Rl is a methyl 
group. 

[0012] Furthermore, at least two of Rl pieces need to be an alkenyl radical (for the things of carbon 
numbers 2-8 to be 2-6 desirable still more preferably, and for it to be a vinyl group especially 
preferably.). 

[0013] As for especially the content of this alkenyl radical, it is desirable among organopolysiloxane to 
consider as 5.0x10-6 - 1.0x10-3 mol/g 1.0x10-6 to 5.0x10 to 3 mol/g. If there are few amounts of an 
alkenyl radical than 1 .0x10-6 mol/g, bridge formation is inadequate, and there is a possibility of it 
becoming gel, and crosslinking density becoming high too much if [ than 5.0x10-3 mol/g ] more, and 
becoming weak rubber. In addition, this alkenyl radical may be combined with both, even if it has 
combined with the silicon atom of a chain end and has combined with the silicon atom in the middle of a 
chain. 
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[0014] Although it is desirable to have the straight chain-like structure blocked by the Tori ORGANO 
siloxy radical with which the structure of the organopolysiloxane of this invention consists of a repeat of 
the JIORUGANO siloxane unit a principal chain part is fundamentally indicated to be by R12SiO 2/2, 
and chain both ends are indicated to be by R13SiO 1/2, you may be the letter structure of branching, 
cyclic structure, etc. partially. Moreover, this organopolysiloxane is liquefied at a room temperature (25 
degrees C), and 100,000 or less mPa-s of that viscosity is 100 - 50,000 mPa-s preferably at 25 degrees 
C. If viscosity is too high, the electrical resistivity stabilized in the half-electric conduction field will not 
be obtained. 

[0015] The (B) component of this invention constructs a bridge into a monad by the alkenyl radical and 
hydrosilylation addition reaction which are a liquefied ORGANO hydrogen polysiloxane containing at 
least three hydrogen atoms (Si-H radical) combined with a silicon atom, and the Si-H radical in a 
molecule combined with the silicon atom in the (aforementioned A) component, and acts as a curing 
agent for stiffening a constituent. As this ORGANO hydrogen polysiloxane, what is shown with the 
following average empirical formula (2) can be used. 
[0016] 

R2bHcSiO (4-b-c)/2 -- (2) 

the inside of a formula, and R2 - carbon numbers 1-12 -- it is the mono valence hydrocarbon group of 
unsubstituted [ of 1-8 ], or a permutation preferably. 0.7-2.1c of b are 0.001-1.0, and b+c is a positive 
number which fills 0.8-3.0. 

[0017] Although what was illustrated by Rl, and the same thing can be mentioned as a mono valence 
hydrocarbon group of R2 here, what does not have an aliphatic series partial saturation radical (alkenyl 
radical) is desirable, and a methyl group, a phenyl group, and a triphloropropyl group are desirable 
especially. Moreover, b is a positive number with which it is desirable, 0.01-1.0, and b+c are desirable, 
and 0.8-2.0c fill 1 .0-2.5 preferably. 

[0018] The ORGANO hydrogen polysiloxane of this invention has preferably 3-100 hydrogen atoms 
(Si-H radical) combined with 3-50 silicon atoms in [ at least three ] a monad. 

[0019] As for especially the content of this Si-H radical, it is desirable among the ORGANO hydrogen 
polysiloxane to make 0.001-0.017 mols /into 0.002 - 0.015 mol/g g. If there are few amounts of a Si-H 
radical than 0.001 mol/g, bridge formation is inadequate, and there is a possibility of it becoming gel, 
and crosslinking density becoming high too much if [ than 0.017 mol/g ] more, and becoming weak 
rubber. In addition, the hydrogen atom combined with this silicon atom may be located in any in the 
middle of a chain end and a chain, and may be located in both. 

[0020] As the above-mentioned ORGANO hydrogen polysiloxane Both-ends trimethylsiloxy radical 
blockade methil hydrogen polysiloxane, A both-ends trimethylsiloxy radical blockade dimethylsiloxane 
methyl hydrogen siloxane copolymer, Both-ends dimethyl hydrogen siloxy radical blockade 
dimethylpolysiloxane, A both-ends dimethyl hydrogen siloxy radical blockade dimethylsiloxane methyl 
hydrogen siloxane copolymer, A both-ends trimethylsiloxy radical blockade methyl hydrogen siloxane 
diphenyl siloxane copolymer, A both-ends trimethylsiloxy radical blockade methyl hydrogen siloxane 
diphenyl siloxane dimethylsiloxane copolymer, (CH3) The copolymer which consists of the copolymer 
and 2(CH3) HSiOl/2 unit which consist of 2HSi01/2 unit and Si04/2 unit, Si04/2 unit, and 3(C6H5) 
Si03/2 unit is mentioned. 

[0021] Moreover, the molecular structure of this ORGANO hydrogen polysiloxane may be which 
structure of the shape of the shape of a straight chain, the letter of branching, annular, and a three- 
dimensions mesh. Moreover, the number of the silicon atoms in a monad (polymerization degree) has 2- 
300, especially about four to 150 desirable thing. Furthermore, this ORGANO hydrogen polysiloxane is 
liquefied at a room temperature (25 degrees C), and 1,000 or less mPa-s of that viscosity is 0.1 - 500 
mPa-s preferably at 25 degrees C. 

[0022] in addition, the loadings of this ORGANO hydrogen polysiloxane - the (A) component 100 
weight section - receiving - 0.1 - 30 weight section - it is 0.3 - 20 weight section preferably. 
Moreover, the amount of the silicon atomic union hydrogen atom in the (B) component to the alkenyl 
radical combined with the silicon atom in the (A) component (Si-H radical) is a mole ratio, and can also 
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usually blend the loadings of this ORGANO hydrogen polysiloxane in 0.3-10.0, and the amount 
preferably set to 0.5-5.0. 

[0023] As a spherical silicone elastomer particle of the (C) component of this invention, the mean 
particle diameter uses 0.1-100 micrometers of things which are 0.5-40 micrometers preferably. While 
the less than 0.1 -micrometer particle of mean particle diameter is difficult to manufacture, if the addition 
effectiveness is fully hard to be acquired and exceeds 100 micrometers, the mechanical strength of a 
rubber hardened material will be spoiled. In addition, it can ask for this mean particle diameter as a 
weighted mean value (or median size) in the particle-size-distribution measurement for example, by 
laser optical diffraction etc. 

[0024] In this case, if a spherical silicone elastomer particle is the hardened material (for example, 
silicone elastic body (elastomer) hardened material of the shape of rubber which a hardenability 
organopolysiloxane constituent comes to harden according to bridge formation) of the 
organopolysiloxane which has the above-mentioned mean particle diameter, in any way, there is no limit 
in that class, grade, the manufacture approach, etc., and it can use a proper thing for them, in addition, 
the thing which means the almost globular form granular object in this (C) component which does not 
have an angle as it is "spherical" - it is - not necessarily - true ~ a spherical thing is not meant. 
[0025] As a spherical silicone elastomer particle, although not limited, especially specifically A 
hardenability organopolysiloxane constituent is stiffened in a 230-300-degree C spray dryer. How 
(JP,59-96122,A) to obtain a granular silicone elastomer, Or a hardenability organopolysiloxane 
constituent, For example, the organopolysiloxane constituent of the addition reaction mold which 
consists of vinyl group content organopolysiloxane and an ORGANO hydrogen polysiloxane is 
emulsion-ized so that a surface active agent may be used underwater and an emulsion particle may serve 
as particle size of 20 micrometers or less. Although the platinum system catalyst for addition reactions is 
added and a spray dry front stirrup can use what was obtained by approaches, such as an approach 
(JP,62-257939,A) of stiffening the organopolysiloxane contained in this emulsion particle by spray dry 
termination What made the emulsion vinyl group content organopolysiloxane and the ORGANO 
hydrogen polysiloxane using the surface active agent, was made to carry out an addition reaction 
according to a platinum system catalyst, was hardened, and was manufactured especially is desirable. 
[0026] In addition, what processed that front face by the silane, the siloxane, etc. beforehand in the 
middle of manufacture of ****** can also be used as this elastomer particle (for example, the silicone 
rubber / resin composite particle in which the silicone resin layer (namely, silicone resin layer of three- 
dimensions network structure) was formed on the front face of a rubber-like silicone elastomer particle). 
[0027] As for the amount of the spherical silicone elastomer particle used, it is desirable to be the 5 - 
200 weight section and to make a spherical silicone elastomer particle into the 10 - 150 weight section 
especially to the organopolysiloxane 100 weight section of the above-mentioned (A) component. If there 
are few loadings of a spherical silicone elastomer particle than the above-mentioned rate, the addition 
effectiveness will not be acquired, but if the above-mentioned rate is exceeded, the mechanical strength 
of a hardened material will fall. 

[0028] As a conductive ingredient of the (D) component of this invention, it is good to use together one 
sort or two sorts or more in conductive carbon black, a conductive zinc white, and conductive titanium 
oxide. 

[0029] Here, furnace black, channel black, etc. which what is usually regularly used by the conductive 
rubber constituent could use it as conductive carbon black, for example, were heat-treated at acetylene 
black, KONDAKUTIBU furnace black (CF), super KONDAKUTIBU furnace black (SCF), extra 
KONDAKUTIBU furnace black (XCF), KONDAKUTIBU channel black (CC), and the elevated 
temperature that is about 1,500 degrees C can be mentioned. 

[0030] As acetylene black, specifically Electrification acetylene black (DENKI KAGAKU KOGYO 
K.K. make), SHAUNI gun acetylene black (SHAUNI gun chemical company make) etc. As 
KONDAKUTIBU furnace black, conch NEKKUSU CF (continental carbon company make) The Balkan 
Peninsula C (Cabot Corp. make) etc. as super KONDAKUTIBU furnace black Conch NEKKUSU SCF 
(continental carbon company make) The Balkan Peninsula SC (Cabot Corp. make) etc. as extra 
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KONDAKUTIBU furnace black Asahi HS-500 (Asahi carbon company make), Balkan Peninsula XC-72 
(Cabot Corp. make) etc. is illustrated for KOURAKKUSUL (Degussa make) etc. as KONDAKUTIBU 
channel black. Moreover, the KETCHIEN black EC which is a kind of furnace black, or KETCHIEN 
black EC-600JD (all are KETCHIEN black international company make) can also be used. 
[0031] In addition, among these, since an impurity content has the secondary structure structure which 
progressed few tops, acetylene black is excellent in conductivity, and it is especially used suitably in this 
invention. Moreover, the KETCHIEN black EC in which the conductivity which was excellent also in 
the low fill from the specific surface area which stood high is shown, KETCHIEN black EC-600JD, etc. 
can be used preferably. 

[0032] The loadings of the conductive ingredient of the above-mentioned (D) component are an amount 
which sets especially to 1x104 to 1x108 ohms 1x103 to 1x1010 ohms of resistance between the 
hardened material layer front face of this silicone rubber constituent, and rodding in which this hardened 
material layer is formed. Specifically, it is desirable 0.5 - 50 weight section and to make the addition of 
the above-mentioned conductive carbon black into 1 - 20 weight section especially to the 
organopolysiloxane 100 weight section of the (A) component mentioned above. The electric resistance 
between the hardened material layer front faces and rodding which will be obtained if an addition may 
be unable to acquire desired conductivity under in the 0.5 weight section and exceeds 50 weight sections 
may be set to less than 103ohms, and may not serve as a half-electric conduction field made into the 
purpose. 

[0033] Moreover, as a conductive zinc white, the conductive zinc white by Honjo Chemical is used 
suitably, and, specifically, the electric resistance of 105 - 1010 ohm-cm can be acquired for this 103 to 
1010 ohm-cm as a volume resistivity of a hardened material layer especially preferably the 30 - 300 
weight section and by adding the 50 - 250 weight section still more preferably. Especially the thing for 
which conductivity may be unable to be acquired if there are few additions than 30 weight sections, a 
dynamics property may be remarkably worsened on the other hand if the 300 weight sections are 
exceeded, and an addition is made into the 100 - 250 weight section for this reason is desirable. 
[0034] Furthermore, as conductive titanium oxide, ET-500W (Ishihara Sangyo Kaisha, Ltd. make) can 
be mentioned, for example. In this case, as for a basic presentation, it is desirable to have doped Sb to 
Ti02 and Sn02. In addition, the addition is the same as the addition of the conductive zinc white 
mentioned above. 

[0035] (E) As an addition reaction catalyst of a component, platinum metal system catalysts, such as 
platinum system catalysts, such as a reactant of platinum black, the 2nd platinum of chlorination, 
chloroplatinic acid, chloroplatinic acid, and monohydric alcohol, a complex of chloroplatinic acid and an 
olefin, and platinum bis-acetoacetate, a palladium system catalyst, and a rhodium system catalyst, are 
mentioned. In addition, the loadings of this addition reaction catalyst are the amount of catalysts, and it 
is usually desirable to blend especially about 1-500 ppm 0.5-1,000 ppm to the sum total of (A) and the 
(B) component as a part for a metal. 

[0036] It responds to the above-mentioned silicone rubber constituent at the need. A silica hydrogel 
(water silicic acid), Reinforcement nature silica bulking agents, such as silica aerogel (silica-mist silica), 
Bulking agents, such as clay, a calcium carbonate, the diatom earth, and a titanium dioxide, low- 
molecular siloxane ester, Addition mixing of the various carbon functional silanes for raising heat- 
resistant improvers, such as dispersants, such as a silanol, for example, diphenyl silane diol etc., ferrous 
oxide, cerium oxide, and octylic acid iron, and an adhesive property and fabrication nature and the 
halogenated compound to which fire retardancy is made to give may be carried out. 
[0037] As a silicone rubber layer which makes it come to harden the liquefied silicone rubber 
constituent of this invention, it usually has a desirable volume resistivity that it is what has the electric 
resistance of the half-electric conduction field of 1x104 - 1x108 ohm-cm extent more preferably 1x103 
to 1x1010 ohm-cm preferably 1x103 to 1x101 1 ohm-cm at the point of obtaining the half-electric 
conduction roll with which it has the predetermined resistance between the above mentioned rodding 
and hardened material layer front faces. 

[0038] As for especially the liquefied silicone rubber constituent of this invention, it is desirable that the 
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range of 100-1 00 5 000poise (10 - 10,000 Pa-s) of viscosity in 25 degrees C is 200-50,000poise (20 - 
5,000 Pa-s) from viewpoints, such as a moldability and workability. Since the viscosity of a constituent 
is high, when rubber elasticity or reinforcement required of less than lOOpoise as a half-electric 
conduction roll may not be obtained, viscosity is too high and there is a possibility that shaping troubles, 
such as deformation of rodding, may occur, at the time of shaping, it is difficult to make a process 
condition regularity, and the electrical resistivity stabilized in the half-electric conduction field is not 
obtained. 

[0039] Although the half-electric conduction roll of this invention forms the half-conductivity hardened 
material layer (silicone rubber layer) of the above-mentioned silicone rubber constituent in rodding, the 
quality of the material of rodding, a dimension, etc. can be suitably selected in this case according to the 
class of roll. Moreover, shaping of a silicone rubber constituent and the hardening method can also be 
selected suitably, for example, it can fabricate by approaches, such as injection molding, transfer 
molding, injection molding, and coating, and hardens with heating. 

[0040] Moreover, the half-electric conduction roll of this invention may prepare a fluororesin layer in 
the periphery of a silicone rubber layer further. In this case, a fluorine system resin layer is formed with 
a fluorine system resin coating material, a fluorine system resin tube, etc., and covers the above- 
mentioned silicone rubber layer. 

[0041] As a fluorine system resin coating material, a latex, die ERURA tex (the Daikin Industries, LTD. 
make, fluorine system latex), etc. of polytetrafluoroethylene resin (PTFE) are mentioned here, for 
example. Moreover, PFA is [ especially among these ] desirable, although a commercial item can be 
used, for example, polytetrafluoroethylene resin (PTFE), the tetrafluoroethylene-perfluoroalkyl vinyl 
ether copolymer resin (PFA), the fluoride ethylene-polypropylene copolymer resin (FEP), 
polyvinylidene fluoride resin (PVDF), the Pori polyvinyl fluoride, etc. are mentioned as a fluorine 
system resin tube. 

[0042] In addition, this half-conductivity hardened material layer (silicone rubber layer) Usually, 0.2- 
100mm, are formed in the thickness of 0.5-50mm, and it is effective that resistance with the front face 
and rodding is 1x103 to lxlOlOohms, and the silicone rubber layer of this invention is especially set in 
the range of the above-mentioned resistance. Since the variation in electric resistance is less than double 
figures, it is suitable as semi-conducting layers, such as an electrification roll especially in a developer, a 
transfer roller, a development roll, and a paper feed roll. 
[0043] 

[Effect of the Invention] It does not cause shaping troubles, such as deformation of rodding, at the time 
of shaping, but is excellent in a moldability, a vulcanization property, and rubber elasticity while the 
electrical resistivity in a half-electric conduction field was not influenced by the process condition and 
the half-electric conduction roll of this invention has stable variation very few. 
[0044] 

[Example] Although an example and the example of a comparison are shown and this invention is 
explained concretely hereafter, this invention is not limited to the following example. In addition, in the 
following examples, the section shows the weight section. 

[0045] The dimethylpolysiloxane (polymerization degree 500) 100 section by which an example 1 and 
the [example 1 of comparison] both ends were blocked by the dimethyl vinyl siloxy radical, The fumed 
silica (product R-972 made from Japanese Aerosil) and the spherical silicone elastomer particle 
KMP594 (the particle diameter of 3-10 micrometers) whose specific surface area is 1 10m2/g and by 
which hydrophobing processing was carried out It puts into the Shin-Etsu Chemical Co., Ltd. make and 
the amount planetary mixer which shows acetylene black (DIN a turnip rack HS- 100, DENKI 
KAGAKU KOGYO K.K. make) in Table 1. After continuing churning for 30 minutes, the methil 
hydrogen polysiloxane (polymerization degree 17, Si-H radical weight 0.0060 mol/g) which has a Si-H 
radical in both ends and a side chain as a cross linking agent further The 1.7 sections, The silicone 
rubber constituent was obtained for churning continuously [ the ethynyl cyclohexanol 0.05 section and 
the platinum catalyst (1% of Pt concentration) 0.1 section were added as a reaction control agent, and / 
for 15 minutes ]. 
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[0046] Next, primer No. 101 A/B for addition reaction mold liquefied silicone rubber (Shin-Etsu 
Chemical Co., Ltd. make) was applied to the front face of an aluminum shaft with a diameter [ of 
10mm ] x die length of 300mm, this aluminum shaft was fixed in metal mold, the above-mentioned 
silicone rubber constituent was filled up with 10kg/cm2 in metal mold, heat hardening was carried out at 
150 degrees C for 30 minutes, postcure was carried out at 180 more degrees C for 2 hours, and the 
silicone rubber covered roll with a diameter of 20mm was obtained. Troubles, such as deformation of an 
aluminum shaft, did not arise at the time of shaping, and the profile irregularity of the obtained roll was 
high enough, and actual use was able to be presented with it as it was. The result of having measured the 
hardness and the electrical property of this roll is shown in Table 1 . 

[0047] The electrical property contacted the roll 1 to the electrode 3 with a width of face [ as shown in 
drawing 1 ] of 7mm, and measured resistance between an electrode 3 and the roll rodding 2. 20 
measurement was carried out to shaft orientations and evaluated the variation. As for 100V and the 
resistance measuring instrument 4, the measurement electrical potential difference used ADVANTEST 
Digital Ultra-high-resistance meter R8340. 

[0048] The dimethylpolysiloxane (polymerization degree 500) 100 section by which examples 2 and 3 
and the [example 2 of comparison] both ends were blocked by the dimethyl vinyl siloxy radical, The 
fumed silica (product R-972 made from Japanese Aerosil) and the spherical silicone elastomer particle 
KMP594 (the particle diameter of 3-10 micrometers) whose specific surface area is 1 10m2/g and by 
which hydrophobing processing was carried out The Shin-Etsu Chemical Co., Ltd. make and a 
conductive zinc white (made in Honjo Chemical), or white conductivity titanium oxide ET-500W 
(Ishihara Sangyo Kaisha, Ltd. make) are put into the amount planetary mixer shown in Table 1 . After 
continuing churning for 30 minutes, the methil hydrogen polysiloxane (polymerization degree 17, Si-H 
radical weight 0.0060 mol/g) which has a Si-H radical in both ends and a side chain as a cross linking 
agent further The 1.7 sections, The silicone rubber constituent was obtained for churning continuously 
[ the ethynyl cyclohexanol 0.05 section and the platinum catalyst (1% of Pt concentration) 0.1 section 
were added as a reaction control agent, and / for 15 minutes ]. 

[0049] Next, primer No. 101 A/B for addition reaction mold liquefied silicone rubber (Shin-Etsu 
Chemical Co., Ltd. make) is applied to the front face of an aluminum shaft with a diameter [ of 10mm ] 
x die length of 300mm. This silicone rubber constituent is filled up with 5kg/cm2 in metal mold between 
the PFA tubes with a thickness of 50 micrometers and aluminum shafts which carried out priming of the 
inside. Heat hardening was carried out at 150 degrees C for 30 minutes, postcure was carried out at 180 
more degrees C for 2 hours, and the PFA resin covering silicone rubber covered roll with an outer- 
diameter [ of 20mm ] x die length of 250mm was obtained. Troubles, such as deformation of an 
aluminum shaft, did not arise at the time of shaping, and the profile irregularity of the obtained roll was 
high enough, and actual use was able to be presented with it as it was. The result of having measured the 
hardness and the electrical property of this roll by the same approach as an example 1 is shown in Table 
1. 

[0050] The methylvinyl polysiloxane 100 section of the shape of crude rubber in which a fluidity does 
not have the average degree of polymerization which consists of 99.85 mol % of the [example 3 of 
comparison] dimethylsiloxane units, and 0.15 mol % of methylvinyl siloxane units at about 8,000 room 
temperature, The fumed silica (product R-972 made from Japanese Aerosil) and the spherical silicone 
elastomer particle KMP594 (the particle diameter of 3-10 micrometers) whose specific surface area is 
1 10m2/g and by which hydrophobing processing was carried out It puts into the Shin-Etsu Chemical 
Co., Ltd. make and the amount planetary mixer which shows acetylene black (DIN a turnip rack HS- 
100, DENKI KAGAKU KOGYO K.K. make) in Table 1. After continuing churning for 30 minutes, the 
silicone rubber constituent was obtained for churning continuously [ 2, the 5-dimethyl -2, and 5-di-tert- 
butyl peroxide hexane which are organic peroxide further were added, and / for 15 minutes ]. 
[0051] Next, primer N0.I8B for peroxide hardening mold silicone rubber (Shin-Etsu Chemical Co., Ltd. 
make) is applied to the front face of an aluminum shaft with a diameter [ of 10mm ] x die length of 
300mm. Although fixed this aluminum shaft in metal mold, filled up the above-mentioned silicone 
rubber constituent with 80kg/cm2 in metal mold, heat hardening was carried out at 180 degrees C for 30 
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minutes, postcure was carried out at 180 more degrees C for 2 hours and the silicone rubber covered roll 
with a diameter of 20mm was obtained Constituent viscosity was high and the trouble which an 
aluminum shaft transforms at the time of shaping often occurred. Moreover, profile irregularity is low (a 
field is ), and the obtained roll needed to grind the front face for actual use. The result of having 
measured the hardness and the electrical property of a roll which were acquired by the same approach as 
an example 1 is shown in Table 1 . 
[0052] 
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From the result shown in Table 1, what blended the spherical silicone elastomer particle (examples 1-3) 
showed the electric resistance value stabilized more in the half-electric conduction field compared with 
what does not blend this elastomer particle, or the thing (examples 1 and 2 of a comparison) which 
carried out little combination, and it was checked that the variation is about single figure. Moreover, as 
compared with the time (example 3 of a comparison) of using millable rubber (methylvinyl polysiloxane 
of the shape of crude rubber without a fluidity), it was what is excellent in a moldability and is excellent 
also in the engine performance as a roll. 
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